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Radionuclide Concentrations in Soils and Vegetation at
Low-Level Radioactive Waste Disposal Area G

During the 1999 Growing Season

J.W. Nyhan, P.R. Fresquez, R. Velasquez, and E.A. Lopez

ABSTRACT

Soil samples were collected at 52 locations, and unwashed
overstory and understory vegetation samples were collected at 12
locations within and around Area G, a disposal facility for low-level,
radioactive solid waste at Los Alamos National Laboratory (LANL).
The samples were analyzed for 3H, 238Pu, 239,240Pu, 90Sr, 241Am, 137Cs, and
totU, and 12 of the soil samples were analyzed for gross alpha, beta,
and gamma radioactivity.

Tritium, 238Pu, 239,240Pu, and 241Am concentrations in soils were
above the upper 95% level of background concentrations; all,
however, were less than LANL screening action levels.  In contrast,
most of the radionuclide concentrations in the unwashed vegetation
samples were below the upper 95% level of background
concentrations, except for 3H.  Tritium concentrations in vegetation
from most sites were greater than background concentrations of
about 2 pCi mL-1.

I. INTRODUCTION

Solid radioactive wastes have

been disposed of by burial at Los

Alamos National Laboratory (LANL)

since the early 1940s (Purtymun et al.,

1980).  Area G is  a 25.5-hectare (63-

acre), low-level radioactive waste

processing and disposal area located on

the east end of Mesa del Buey at

Technical Area 54 (Figure 1).  Area

G was established in 1957 and is the

Laboratory’s primary radioactive solid

waste burial and storage site (Soholt,

1990).  Wastes for disposal include

contaminated equipment, paper, plastics,

clothing, building materials, soils, and

process wastes and are placed in either

pits, trenches, or shafts and then covered

with fill material (Hansen et al., 1980).

Tritium, totU, 238Pu, 239,240Pu, and a

variety of fission and activation products

are the main isotopes in waste materials

deposited at Area G (U.S. DOE, 1979).
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Figure 1.  The location of Area G at Los Alamos National Laboratory.
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As part of the Environmental

Surveillance Program (ESP) at LANL,

samples of air (LANL, 1998), water

(Mullen et al., 1996), soils/sediments

(Fresquez et al., 1996a, 1997a, 1998a,

1999; Jacobson, 1992), vegetation

(Fresquez et al., 1995, 1996b, 1997b,

1998b, 1999), small mammals (Biggs et

al., 1995, 1997; Bennett et al., 1996),

and bees (Fresquez et al. 1997b,

Haarmann and Fresquez, 1998, 1999) are

collected annually from within and

around radioactive waste disposal site

Area G to monitor and assess the site’s

impact on the surrounding environment.

Radionuclides in game animals such as

elk and deer have also been recently

assessed around Area G (Ferenbaugh et

al., 1999).

Two components of the Area G

surveillance program are the assessments

of soil and vegetation within and around

Area G for radiological contamination.

The soil sampling program is the most

direct means of estimating the types,

concentrations, and distributions of

radionuclides in the environment within

and around nuclear facilities (Fresquez et

al., 1998a).  Soil provides an integrating

medium, or reservoir, that can account

for contaminants released to the

atmosphere, either directly from gaseous

effluents, such as air stack emissions, or

indirectly from the resuspension of on-

site contamination (fugitive dust) (Healy,

1977).  Subsequently, the knowledge

gained from the radiological surveillance

of soil is critical to provide information

about potential exposure by way of

several pathways that include soil

ingestion, consumption of food crops,

resuspension of radionuclides into the

air, and contamination of groundwater.

Exposure to radionuclides by these

pathways may result in radiation doses to

humans (Hakonson et al., 1981).  The

uptake of radionuclides by vegetation

may also give some insight into surface

(Hansen et al., 1980) and subsurface

(Wenzel et al., 1987) pathways of

contaminants to humans from waste

disposal areas.  Trees, in particular, have

been shown to be excellent indicators of

subterranean 3H migration from low-

level radioactive waste disposal sites

(Rickard and Kirby, 1987).

In the late 1970s, the Atomic

Energy Commission issued interim

operational criteria for radioactive waste

areas owned or operated by them and
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their contractors (EG&G, 1978, 1981;

Dames and Moore, 1976).  As a first

response to the surveillance

requirements listed in these criteria,

personnel from the Environmental

Surveillance Group at Los Alamos

Scientific Laboratory developed an

interim surveillance plan for the site’s

radioactive waste areas (Hansen et al.,

1980) to supplement the Laboratory’s

general environmental surveillance

effort.  Since a portion of the original

program code for this program had the

designator “A411,” this program became

known as the A411 Program (Conrad et

al., 1995).  The first announcement and

monitoring results of this program

appeared in the 1980 and 1982

Environmental Surveillance Reports,

respectively (Environmental

Surveillance Group, 1981, 1983), and

additional program results have been

reported in the 1990s (Conrad et al.,

1995, 1996; Childs and Conrad, 1997,

1998, 1999).

The A411 Program investigation

focuses principally on the possibility of

contaminated sediment movement

through surface-water runoff out of the

perimeter of Area G.  Sampling locations

were intentionally selected to best

indicate possible contamination moving

outside the perimeter of Area G; thus,

these sampling locations should be

considered as those locations most

sensitive to possible contaminant

migration.

The objective of this annual

survey was to measure the

concentrations of selected radionuclides

in surface soils and unwashed overstory

and understory vegetation within and

around Area G during the 1999 growing

season.  The surface soil data from this

study were then compared with the

surface soil data collected in the A411

Program during 1999.  All of these data

were compared to radionuclide

concentrations in soils and vegetation

collected from regional background

locations. The background areas are

located away from LANL, and

radionuclide concentrations result from

naturally occurring elements and/or from

worldwide fallout.

II. METHODS

In July of 1999, the Soils,

Foodstuffs, and Biota Environmental

Contaminant Surveillance Program
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Team of LANL’s Ecology group (ESH-

20) collected 11 samples of surface soils

and 24 vegetation samples from areas

within and around Area G at TA-54

(Figure 2). In May of 1999, personnel

from LANL’s Hazardous and Solid

Waste group collected 40 samples of

surface soils at several A411 Project

locations within and around Area G.

Each of the latter locations contained an

aluminum stake with a brass tag that was

stamped with a unique site identification

number identified with a “G-“ prefix

(Conrad et al., 1995). Table 1 lists all of

these sampling locations and location

descriptions that are shown on Figure 2.

Although most of the soil

samples were collected outside of and

adjacent to the Area G fence, several

samples were also collected inside of

Area G.  Sample locations 3, 5, 7a, 7b,

G-34-05, G-34-07, G-34-09, G-34-10,

and G-34-15 are inside the Area G fence.

Samples from locations 1, 2, 3b, 4, 6b,

7c, 8, and the 35 of the A411 Project

samples not mentioned above were

collected outside the Area G fence.

Location 8 is west of Area G in the

proposed expansion area.  Background

samples of soils were collected as part of

the ESP (LANL, 1998), and background

samples of vegetation were collected

south and upwind of the Laboratory at

Bandelier National Monument.

Several soil samples were

collected at the eastern end of Area G in

the vicinity of the transuranic (TRU)

waste pads, the site of the Transuranic

Waste Inspectable Storage Project

(TWISP), described in detail at the

following LANL Internet Address:

http://swo.lanl.gov:80/twisp/default.

htm).  The TWISP involves retrieving

the TRU and TRU mixed waste

originally stored on above-grade asphalt

pads under earthen cover (TRU Pads 1,

2, and 4).  These wastes are temporarily

stored in fabric tension-support

structures (TWISP Domes) constructed

on an asphalt surface until they are

transported to burial at the Waste

Isolation Pilot Plant.

Previous A411 Project studies

(Childs and Conrad, 1997, 1998, 1999;

Conrad et al., 1995, 1996) and one ESH-

20 study (Fresquez et al., 1999) have

confused the numbering of the TRU

Pads at Area G.  The reason for this is

that they are incorrectly numbered in the

Facility for Information Management,



Figure 2. Site/sample locations of soils and vegetation at Area G.  (Site #8 is located farther west and Site #9 is located
farther south than what is shown here.)
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Table 1.  Descriptions of sampling locations shown on Figure 2.

Location
Number

Description

1 South of tritium shafts immediately outside the Area G fence

2
West of the high-level tritium shafts immediately outside the Area G fence

3 East of Pit 38 (inside the Area G fence)

3b North of Pit 38 outside the Area G fence

4
Outside the Area G fence north of the transuranic (TRU) waste pads #2 and 4

5 On top of TRU Waste Pad #2 inside the Area G fence

6 On top of TRU Waste Pad #4 inside Area G fence.  Site removed before
sampling in 1998.

6b Southeast of TRU Waste Pad #4 outside Area G fence.

7a Southeastern portions of Pits 17 and 18 (inside the Area G fence)

7b East end of Pit 7 (inside the Area G fence)

7c North of Pit 8 outside the Area G fence

8
Proposed expansion area one-half mile west of the entrance gate to Area G and
outside the Area G fence

9
Background locations were near Bandelier National Monument approximately
5 km south of Area G.

G-29-01 Southwest of Pit 22 (outside the Area G fence)

G-29-02 Southwest of Pit 22 (outside the Area G fence)

G-29-03 Southwest of Pit 22 (outside the Area G fence)

G-30-01 South of Disposal Trench A (outside the Area G fence)

G-31-01 Southeast of Disposal Trench C (outside the Area G fence)

G-31-02 Southeast of Disposal Trench E (outside the Area G fence)

G-31-03 Southeast of Disposal Trench G (outside the Area G fence)

G-32-01 Southwest of southwestern corner of Pit 20 (outside the Area G fence)

G-32-02 South of southwestern corner of Pit 20 (outside the Area G fence)

G-34-05 West of Pit 1 and four TRU Waste Storage Domes (inside the Area G fence)

G-34-07 West of Pit 1 and four TRU Waste Storage Domes (inside the Area G fence)

G-34-09 South of the eastern end of Pit 24 (inside the Area G fence)

G-34-10 West of Pit 1 and four TWISP Domes (inside the Area G fence)

G-34-15 South of the middle of Pit 24 (inside the Area G fence)
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Table 1 cont.

Location
Number

Description

G-38-02 South of Pit 5 and TRU Pad 2 (outside the Area G fence)

G-39-01 East of the southeastern corners of Pit 5 and TRU Pad 4 (outside the Area G
fence)

G-39-02 Southeast of the southeastern corners of Pit 5 and TRU Pad 4 (outside the
Area G fence)

G-40-01 East of the eastern end of Pit 5 and TRU Pad 4 (outside the Area G fence)

G-40-02 East of the eastern end of Pit 4 and TRU Pad 4 (outside the Area G fence)

G-41-02 East of the eastern end of Pit 2 and TRU Pad 4 (outside the Area G fence)

G-42-01 Northeastern corner of Area G (outside the Area G fence)

G-42-06 North of TRU Pad 2 (outside the Area G fence)

G-43-01 North of TRU Pad 2 (outside the Area G fence)

G-44-01 North of northwestern corner of Pit 1 (outside the Area G fence)

G-44-07 North of TRU Pad 1 (outside the Area G fence)

G-45-01 West of western end of Pit 2 (outside the Area G fence)

G-45-04 Northeast of northwestern corner of Pit 2 (outside the Area G fence)

G-45-05 Northeast of northwestern corner of Pit 2 (outside the Area G fence)

G-45-06 Northwest of northwestern corner of Pit 2 (outside the Area G fence)

G-45-07 Northwest of northwestern corner of Pit 2 (outside the Area G fence)

G-46-01 North of eastern half of Pit 6 (outside the Area G fence)

G-46-02 North of eastern half of Pit 6 (outside the Area G fence)

G-47-01 North of western half of Pit 6 (outside the Area G fence)

G-48-02 North of Pit 10 (outside the Area G fence)

G-49-01 North of Pit 13 (outside the Area G fence)

G-49-04 North of Pit 15 (outside the Area G fence)

G-50-01 North of Pit 16 (outside the Area G fence)

G-50-02 North of Pit 16 (outside the Area G fence)

G-52-03 East of Pit 31 (outside the Area G fence)

G-58-01 North of western end of Pit 38 near gate (outside the Area G fence)
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Analysis, and Display (FIMAD) system

(see Conrad et al., 1995; FIMAD Plot

Number 108583).  Proceeding from west

to east, the TRU pads are correctly

numbered 1, 3, 2, and 4 (Figure 2).  TRU

Pad 3 was never used to store wastes and

has had a light-brown-colored fabric

tension-support dome over it.  Wastes

were first excavated from TRU Pad 1,

which still has a white-colored fabric

tension-support dome over it.  TRU Pad

4 was excavated next and currently has a

crushed tuff flat surface; thus, Location

#6 at this pad was removed after

sampling in 1997 and is no longer

available for sampling (Fresquez et al.,

1998b).  TRU Pad 2 is currently not

excavated and is the location of ESH-20

Sample Location 5.

At each of the A411 Project

sampling locations, grab samples of soil

were collected from the top 15 cm (6 in.)

of the soil surface with either a stainless

steel or a disposable polystyrene scoop

or scoopula (LANL, 1995).  All of the

other soil samples were collected from

the surface with a stainless steel soil ring

10 cm (4 in.) in diameter driven 5 cm (2

in.) into the soil (ASTM, 1990).

Samples were collected from the center

and corners of a square plot of 10 m (33

ft) per side.  The five subsamples were

combined and mixed thoroughly in a

three-gallon Ziploc® bag, and a

subsample from the composite was

placed in a 500-mL poly bottle.

All soil samples were submitted

under full chain-of-custody to the

Inorganic Trace Analysis group (CST-9)

for analysis of 3H, 238Pu, 239,240Pu, 137Cs,
totU, 90Sr, and 241Am.  All methods of

radiochemical analyses have been

described previously (Fresquez et al.,

1996a; Childs and Conrad, 1999).  The

only difference in assay techniques

involved 241Am, which was determined

by alpha spectroscopy for one set of

samples (Fresquez et al., 1996a) and by

gamma spectroscopy for the A411

Project samples (Childs and Conrad,

1999).  Radionuclide results were

reported in pCi mL-1 of soil moisture for
3H, µg g-1 dry soil for totU, and pCi g-1 dry

soil for all the other isotopes.

Samples of overstory and

understory vegetation were collected

when both types were found.  Clippings

of tree shoots (overstory) or the top

growth of grasses and forbs (understory)

were composited and transported to the

laboratory.  Understory samples were
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collected at all sampling locations from

the same 10- by 10-m plots as the soil

samples, but sampling locations 5, 7a,

and 7b did not contain overstory cover.

Overstory samples were mainly from

piñon pine (Pinus edulis) because piñon

pine is the prevalent tree in the area

(Tierney and Foxx, 1982).  Samples of

the overstory consisted of the tips of tree

shoots approximately 2.5 to 5.1 cm (1 to

2 in.) in length, which were collected at

a height of 1.3 to 1.6 m (4 to 5 ft).

Personnel collecting samples

wore plastic gloves and used clean

shears to clip vegetation; all materials

were decontaminated (washed with soap

and water) between sampling locations.

Vegetation clippings ranged from 0.9 to

1.4 kg (2 to 3 lb) of composited material,

which was placed in labeled double-

bagged Ziploc plastic bags and

transported to the laboratory in a locked

ice chest.  Each sample was divided into

two subsets to provide enough material

for analysis of 3H and the other

radionuclides.  Samples were not washed

and thus represent the total concentration

of radionuclides deposited on the plant

surfaces by rainsplash and/or airborne

deposition as well as radionuclides taken

up by plant roots.  The total radionuclide

concentration is a realistic measure of

the amount available to receptors that

consume the plants at Area G.

Part of the vegetation sample was

subsampled for 3H analysis.  The

subsamples were placed in glass beakers

to collect distillate water (Salazar, 1984).

The remaining portion of each

subsample was placed in a 1-L glass

beaker and slowly ashed at 500°C for

120 h.  The ashed sample was pulverized

and homogenized, then transferred to

labeled 500-mL poly bottles and

submitted with the distillate samples

under full chain-of-custody to CST-9 for

the analysis of 3H, 238Pu, 239,240Pu, 137Cs,
totU, 241Am, 90Sr.  All methods of

radiochemical analyses have been

described previously (Fresquez et al.,

1996b).  Radionuclide results were

reported in pCi mL-1 of tissue moisture

for 3H, µg g-1 ash for totU, and pCi g-1 ash

for all the other isotopes.  Results

reported in grams of ash are usually two

to four orders of magnitude greater than

live (wet) weight.

III. RESULTS
Radionuclide Concentrations in

Soils.  Results of radionuclide
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concentrations in soils are given in Table

2.  The actual CST-9 analytical reports

are included in Appendix A for

reference.  Detectable concentrations of

radionuclides of interest were found in

most samples.  A detectable

concentration was considered a result

that was greater than two times the

counting uncertainty.  Measured

concentrations for 239,240Pu, 238Pu, and 3H

were greater than the regional statistical

reference level (RSRL) at most locations

for both sets of samples.  In addition,

90% of the A411 Project samples and

36% of the other soil samples contained
241Am concentrations greater than the

RSRL.  The RSRL is the mean + two

standard deviations of the upper 95%

confidence interval of background

concentrations.  The data for the

background (BG) concentrations were

collected from regional, non-LANL soils

collected from 1993 through 1997

(LANL, 1998).

Several sampling locations were

close to one another within the two

project sampling schemes. Near the 3H

shafts, sample location 1 was close to

locations G-30-01, G-31-01, and G-31-

02, and sample location 2 was close to

sampling locations G-29-01, G-29-02,

and G-29-03. Sample locations 3b and

G-58-01 are near the northwestern

corner of Area G.  Sample locations 6b

and G-38-02 are both near the corner of

Area G that is southeast of TRU Waste

Pad #4.  Sample locations 4, G-43-01,

and G-42-06 are all directly north of

TRU Waste Pads #2 and #4.  Sample

locations 7c and G-48-02 are both north

of Pit 8 on the northern extremity of

Area G.  The two sample locations

inside of Area G, locations 7a and 7b,

are in the proximity of G-32-01, G-32-

02, G-34-09 and G-34-10, and G-46-01

and G-46-02, respectively.

The 3H concentrations observed

in the soil samples exhibited substantial

spatial variability (Table 2, Figures 3

and 4): about 75% of the soils analyzed

for 3H had concentrations that ranged

from 0.6 to 227 pCi g-1.  The mean 137Cs

concentration of all of the soil samples

collected was 12.31 pCi g-1 with a

coefficient of determination (standard

deviation multiplied by 100/mean

concentration) of 286%.  Tritium

concentrations for 73% of the A411

Project soils and 48% of the other

samples collected at Area G sites were

greater than the RSRL (Table 2).  The 3H



Table 2. Radionuclide concentrations in soils (dry weight) collected from Area G in 1999.1  Bold values are equal to or greater than
regional statistical reference level (RSRL) values and “NA” indicates that no analysis was performed.

Sample Element
Locations 3H (pCi mL-1)2

241Am (pCi g-1)
137Cs (pCi g-1) 238Pu (pCi g-1) 239,240Pu (pCi g-1) 90Sr (pCi g-1) totU (µg g-1)

13 65.10 0.011 0.40 0.015 0.040 -0.42 2.37
2 81.90 0.006 0.37 0.006 0.027 0.21 2.35
3 1.54 0.023 0.01 0.012 0.046 0.99 3.52
3b 0.08 0.003 0.30 0.002 0.016 -0.10 3.53
4 1.91 0.146 0.42 0.364 0.775 1.58 3.18
5 13.30 0.008 0.04 0.002 0.013 -0.04 2.47
6b 0.53 0.062 0.34 0.014 0.334 0.43 3.34
7a 3.95 0.005 0.01 0.005 0.012 -0.09 2.80
7b 3.41 0.009 0.03 0.035 0.027 0.44 2.37
7c 2.24 0.141 0.42 0.091 1.015 0.84 2.58
8 0.13 0.011 0.37 0.009 0.020 0.51 3.16
G-29-01 13.80 0.402 0.23 0.031 0.031 NA NA
G-29-02 24.90 0.522 0.26 0.016 0.055 NA NA
G-29-03 226.50 0.000 0.40 0.022 0.033 NA NA
G-30-01 69.90 0.155 0.07 0.004 0.010 NA NA
G-31-01 32.10 0.000 1.38 0.032 0.106 NA NA
G-31-02 16.30 0.910 0.10 0.007 0.007 NA NA
G-31-03 10.20 0.320 0.30 0.004 0.036 NA NA
G-32-01 11.30 0.730 0.09 0.003 0.007 NA NA
G-32-02 4.88 0.461 0.49 0.007 0.091 NA NA
G-34-05 0.27 0.850 0.11 0.020 0.079 NA NA
G-34-07 0.17 0.806 0.17 0.005 0.293 NA NA
G-34-09 0.14 0.649 0.08 0.005 0.035 NA NA
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Table 2 cont.

Sample Element
Locations 3H (pCi mL-1)2

241Am (pCi g-1)
137Cs (pCi g-1) 238Pu (pCi g-1) 239,240Pu (pCi g-1) 90Sr (pCi g-1) totU (µg g-1)

G-34-10 0.15 1.100 0.49 0.039 1.680 NA NA
G-34-15 0.71 0.750 0.12 0.215 0.072 NA NA
G-38-02 2.38 0.753 0.17 0.070 1.048 NA NA
G-39-01 0.41 0.335 0.08 0.919 0.557 NA NA
G-39-02 0.76 0.173 0.07 0.085 0.179 NA NA
G-40-01 0.98 0.479 0.33 0.294 0.489 NA NA
G-40-02 0.68 0.310 0.13 0.079 0.164 NA NA
G-41-02 0.67 0.311 0.29 0.869 0.313 NA NA
G-42-01 1.57 0.322 0.17 1.797 0.206 NA NA
G-42-06 1.71 0.136 0.14 0.055 0.295 NA NA
G-43-01 0.91 0.331 0.36 0.571 4.260 NA NA
G-44-01 3.97 0.338 0.25 0.445 0.372 NA NA
G-44-07 0.62 0.163 0.27 0.050 0.148 NA NA
G-45-01 7.90 0.387 0.22 0.439 0.495 NA NA
G-45-04 1.69 0.000 0.30 0.322 0.278 NA NA
G-45-05 0.65 0.271 0.62 0.744 0.894 NA NA
G-45-06 4.27 0.150 0.13 0.225 0.153 NA NA
G-45-07 6.80 0.417 0.33 3.279 0.524 NA NA
G-46-01 1.20 0.773 0.27 0.005 1.597 NA NA
G-46-02 1.24 2.780 0.14 0.262 0.284 NA NA
G-47-01 0.42 0.169 0.52 0.001 0.174 NA NA
G-48-02 0.15 0.000 0.14 0.017 0.222 NA NA
G-49-01 0.78 0.416 0.13 0.035 0.380 NA NA
G-49-04 0.53 1.110 0.11 0.012 0.053 NA NA

13



Table 2 cont.

Sample Element
Locations 3H (pCi mL-1)2

241Am (pCi g-1)
137Cs (pCi g-1) 238Pu (pCi g-1) 239,240Pu (pCi g-1) 90Sr (pCi g-1) totU (µg g-1)

G-50-01 0.55 1.340 0.07 0.015 0.073 NA NA
G-50-02 0.83 0.397 0.13 0.053 0.106 NA NA
G-52-03 0.17 0.252 0.08 0.054 1.964 NA NA
G-58-01 0.47 0.526 0.39 0.084 0.043 NA NA

BG 0.13 0.011 0.54 -0.000 0.020 0.52 3.27
RSRL4 0.60 0.013 0.51 0.008 0.019 0.71 3.30
SAL5 1900.06 22.0 5.1 27.0 24.0 4.4 29.0

1  Sample locations listed in Table 1.
2
  Concentration for 3H is based on soil moisture.

3  Samples without a G prefix collected at the 0- to 2-inch depth by Ecology Group  (Fresquez et al., 1999); samples with a G prefix collected at the 0- to 6-inch depth by
Hazardous and Solid Waste Group (Childs and Conrad, 1999).
4  Regional statistical reference level; this is the upper (95%) level background concentrations (mean + 2 std dev) from 1992-1999 (LANL 2000).
5
Screening Action Level (FIMAD 1997).

6
Equivalent to a SAL value of 260 pCi g-1 3H for a soil at a water content of 12%.
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       Figure 3.  Tritium concentrations in soil samples collected outside of Area G in 1999.
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           Figure 4.  Tritium concentrations in soil samples collected inside of Area G in 1999.
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data for the soils collected outside and

inside of Area G are presented in Figures

3 and 4.  Samples in the proximity of the
3H shafts (locations 1, 2, 7a, G-29-01, G-

29-02, G-29-03, G-30-01, G-31-01, G-

31-02, G-31-03, G-32-01, G-45-01, and

G-45-07, see Figure 2) contained an

average 3H concentration of 39.3 pCi

mL-1.  These locations also contained the

largest concentration of 3H observed in

the study, 226.5 pCi mL-1: considerably

less than the SAL of 1900 pCi mL-1.

The rest of the soil samples containing
3H concentrations greater than the RSRL

occurred in a mosaic pattern around the

northeastern corner of Area G (locations

4, 7b, G-38-02, G-42-01, G-42-06, G-

44-01, G-45-04, G-45-06, G-46-01, and

G-46-02).  The latter soil samples

contained an average 3H concentration of

2.34 pCi mL-1 and a maximum 3H

concentration of 4.27 pCi mL-1.

Although the A411 Project

samples were not assayed for 90Sr, soil

concentrations greater than RSRL values

were found at only three locations (3, 4,

and 7c).  The concentrations measured in

these three samples (Table 2), however,

were only slightly larger than the

RSRLs, and there is a possibility that the

sample values reflect analytical error

(e.g., they are positively based) instead

of actual contamination from Area G

operations.  These results agree with

similar data collected in 1998 at these

locations, which marked the first time

concentrations of 90Sr have been found in

excess of RSRLs at Area G.

Concentrations of 137Cs found in

soils collected at Area G in 1999 ranged

from 0.01 to 1.38 pCi g-1.  Over 94% of

the soil samples analyzed for 137Cs had

concentrations that were less than

RSRLs, regardless of how and where the

samples were collected (Table 2, Figures

5 and 6). Only the samples from

locations G-31-01 and G-45-05

contained 137Cs concentrations slightly

greater than the RSRL.  The results from

location G-45-05 were expected since

the TRU pads are the likely source for

the radionuclides; similar results were

found in the samples collected at the

adjacent location 4 in 1998 (Fresquez et

al., 1998a).

The 137Cs concentrations

observed in the soil samples exhibited

much less spatial variability than tritium

(Figures 3 and 4): about 67% of the soils

analyzed for 137Cs had concentrations



         Figure 5.  Concentrations of 137Cs in soil samples collected outside of Area G in 1999.
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     Figure 6. Concentrations of 137Cs in soil samples collected inside of Area G in 1999.
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that ranged from 0.1 to 0.51 pCi g-1

(Table 2).  The mean 137Cs concentration

of all of the soil samples collected (Table

2) was 0.25 pCi g-1 with a coefficient of

determination of 87.1%.

Concentrations of totU were lower

than RSRLs for all Area G locations

except for locations 3, 3b, 6b, and 5.

Uranium concentrations in Bandelier

Tuff range up to 11 µg g-1 (Crowe et al.,

1978) and could explain the observed

variation in the results.  The range of totU

in the soil samples was 2.35 µg g-1 to

3.53 µg g-1, concentrations that do not

pose significantly larger health risks than

background concentrations to humans or

the environment.

Concentrations of 239,240Pu found

in soils collected at Area G in 1999

ranged from 0.027 to 4.26 pCi g-1,

whereas 238Pu concentrations ranged

from 0.012 to 3.28 pCi g-1 (Table 2).

The concentrations of 239,240Pu and 238Pu

found in soil samples were usually

greater than RSRLs, regardless of how

and where the samples were collected.

Almost 93% and 78% of the A411

Project soil samples contained greater

than RSRL concentrations of 239,240Pu and
238Pu, respectively. Similar results were

observed with the other samples: 64%

and 55% of the samples contained

greater than RSRL concentrations of
239,240Pu and 238Pu, respectively.

Concentrations of 239,240Pu and
238Pu found in soil, as well as their ratios,

are presented in Figures 7 and 8 for the

samples with greater than RSRLs

collected outside and inside of Area G,

respectively.  Concentrations of these

two isotopes in soils were not

significantly correlated, as can be

observed by inspection of Figures 7 and

8.  Thus, although the soil at location G-

43-01 contained the largest

concentration of 239,240Pu, the soil from

location G-45-07 contained the largest

concentration of 238Pu (Figure 7).

Over 75% of the soil samples

collected (with greater than RSRLs)

contained ratios of the concentrations of
239,240Pu to 238Pu less than five; for the

remaining 10 samples, this ratio ranged

from 5 to 43 (Figures 7 and 8).  The

latter samples usually had enhanced

concentrations of 239,240Pu, rather than

depressed concentrations of 238Pu, that

accounted for their large ratios of the

concentrations of 239,240Pu to 238Pu

(Figures 7 and 8).



    Figure 7.  Plutonium concentrations and plutonium isotope ratios in soil samples collected outside of Area G in 1999.
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           Figure 8.  Plutonium concentrations and plutonium isotope ratios in soil samples collected inside of Area G in 1999.
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Perimeter soil samples collected

at the northeastern corner of Area G

(sample locations G-38-02, 6b, G-43-01,

and G-42-06) and the north-central

section of Area G (locations 7c, G-48-

02, G-49-01, and G-52-03) exhibited

large ratios of the concentrations of
239,240Pu to 238Pu (Figures 2, 7, 8).  One

location that was sampled in a drainage

area inside of Area G (G-34-10)

contained the highest observed ratio of

the concentrations of 239,240Pu to 238Pu.

The locations in the northeastern corner

and the north-central portions of Area G

are near the TRU pads and Pits 8, 9, 10,

12, 13, 15, and 16, respectively, all of

which contain waste that was

contaminated with both plutonium

isotopes.  The sample collected at G-34-

10 was also adjacent to a TRU pad.

Over 78% of the soil samples

analyzed for 241Am had concentrations

that were greater than RSRLs, regardless

of either how and where the samples

were collected, or the 241Am assay

technique (Table 2, Figures 9 and 10).

Concentrations of 241Am found in soils

collected at Area G in 1999 ranged from

0.0 to 2.78 pCi g-1.  However, 241Am

concentrations observed in the soil

samples exhibited much less spatial

variability than either tritium (Figures 3

and 4) or plutonium (Figures 7 and 8).

About 67% of the soils analyzed for
241Am had concentrations that ranged

from 0.1 to 1 pCi g-1.

Measurements of gross alpha,

beta, and gamma radioactivity for the

soils collected from Area G in 1999 are

presented in Table 3. The gross alpha

and beta radioactivity measurements for

the soils were uniformly less than those

measured for the RSRL sample.  The

gross gamma radioactivity

measurements for the soil samples were

almost all greater than that measured for

the background sample, reflecting the

presence of 241Am (Figures 9 and 10).

Many of the samples collected

contained concentrations of

radionuclides that were greater than the

RSRLs.  However, the concentrations of

all nuclides in the samples were less than

LANL SALs. The SALs were developed

to keep potential doses to humans

residing on the site to 10 mrem yr-1 or

less (FIMAD, 1997). Based on the

results provided in this report, exposure

to Area G soils would result in doses

much less than the 10 mrem yr-1 limit

from any one radionuclide or from all



     Figure 9.  Concentrations of 241Am in soil samples collected outside of Area G in 1999.
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         Figure 10. Concentrations of 241Am in soil samples collected inside of Area G in 1999.

0.001

0.01

0.1

1

10

100

7a G-34-05 G-34-07 G-34-09 G-34-10 G-34-15 5 7b 3

24
1 A

m
 c

o
n

ce
n

tr
at

io
n

 (
p

C
i g

-1
)

BG

RSRL

SAL

Soil Sampling Locations Inside of Area G in 1999

25



26

Table 3.  Gross alpha, beta, and gamma radioactivity in soils (dry weight) collected from
Area G in 1999.1  Bold values are equal to or greater than RSRL values.

Sampling Radioactivity (pCi g-1)
Location Gross Alpha Gross Beta Gross Gamma

1 5.07 4.20 4.3
2 5.18 4.34 4.0
3 5.57 4.43 5.2
3b 5.70 4.25 3.6
4 7.61 4.59 4.9
5 3.38 2.15 5.2
6b 5.96 4.34 4.3
7a 4.54 3.33 4.7
7b 4.41 2.72 4.2
7c 6.05 3.94 4.5
8 6.44 4.75 3.3

BG 8.82 5.86 3.4
RSRL 8.4 7.2 4.1

1  Sample locations listed in Table 1 and BG = background (south and upwind of LANL).

radionuclides combined. Therefore,

exposure to radionuclides in Area G

soils pose little risk to animals (deer and

elk) and humans and are considered of

no concern (Ferenbaugh et al., 1999).

Radionuclide Concentrations in

Vegetation.  Table 4 shows radionuclide

concentrations in unwashed vegetation

collected from within and around Area G

during the 1999 growing season.  The

CST-9 analytical reports are included in

Appendix B for reference.

Understory vegetation was

collected at each sampling location, but

overstory vegetation was collected only

at locations 1, 2, 3, 3b, 4, 6b, 7c, 8, and

the background location because there

was no overstory at locations 5, 7a, or

7b.  Most radionuclide concentrations in

unwashed overstory and understory

vegetation were equal to or slightly

greater than RSRLs.  The RSRL mean

values + two standard deviations were

calculated from data collected from 1994

to 1997 (Fresquez et al., 1995, 1996b,

1997b).

Tritium concentrations in

vegetation samples had a mean

concentration of 288 pCi mL-1 and

ranged from –0.18 to 2535 pCi mL-1 for   



Table 4. Radionuclide concentrations in unwashed vegetation collected from Area G in 1999.  Bold values are equal to or greater than
RSRL values, and “ND” indicates that no sample was collected.

Sample Location
and Type1

3H (pCi mL-1)2 241Am (pCi g-1 ash) 137Cs (pCi g-1 ash) 238Pu (pCi g-1 ash) 239,240Pu (pCi g-1 ash) 90Sr (pCi g-1 ash) totU (µg g-1 ash)

1-OS 165.70 0.008 0.048 -0.0001 0.0006 6.48 0.73
1-US 637.00 0.003 0.033 0.0026 0.0052 4.97 0.82
2-OS 678.00 0.015 0.015 -0.0007 0.0019 8.81 0.88
2-US 2535.00 0.004 0.000 -0.0023 0.0054 5.09 1.46
3-OS 2.15 0.034 0.375 0.0012 0.0137 6.33 2.39
3-US 1.65 -0.003 0.000 -0.0024 0.0051 4.07 0.91
3b-OS -0.04 -0.000 0.014 -0.0016 0.0013 6.88 0.56
3b-US -0.18 -0.004 0.216 -0.0026 0.0060 8.60 2.04
4-OS 5.14 0.115 0.009 0.0004 0.0229 22.14 1.22
4-US 7.70 0.034 0.293 0.0025 0.0114 7.53 0.14
5-OS ND ND ND ND ND ND ND
5-US 1820.00 0.070 0.104 0.0310 0.0086 4.37 0.76
6b-OS 0.61 0.275 0.029 0.0127 0.1925 7.49 0.82
6b-US 0.40 0.071 0.000 0.0091 0.1279 5.94 1.24
7a-OS ND ND ND ND ND ND ND
7a-US 8.00 0.005 0.000 0.0002 0.0060 1.83 1.08
7b-OS ND ND ND ND ND ND ND
7b-US 4.80 -0.002 0.000 0.0013 0.0026 1.03 0.60
7c-OS 3.78 0.019 0.000 0.0003 0.0126 6.73 1.55
7c-US 3.77 0.024 0.000 0.0201 0.0599 6.39 1.01
8-OS 0.05 -0.002 0.000 0.0005 0.0033 5.47 0.71
8-US -0.01 0.001 0.000 -0.0006 0.0013 2.51 0.73

BG-OS -0.11 -0.000 0.156 0.0002 0.0086 9.13 0.52
BG-US 0.40 0.004 0.324 -0.0012 0.0120 3.47 1.94

RSRL-OS3 1.9 0.017 1.7 0.038 0.075 17.09 1.6
RSRL-US 1.6 0.010 0.94 0.005 0.011 3.8 1.5

1 Sample locations listed in Table 1, and BG = background (south and upwind of LANL).  Sample type: OS is overstory vegetation (trees), US is understory vegetation (grasses/forbs).
2 Concentration for 3H is based on moisture in vegetation.
3 Regional Statistical Reference Level; this is the upper (95%) level background concentration (mean + 2 std dev) from 1994-1997.
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the 14 samples assayed (Table 4).  As in

previous years, 3H concentrations in

overstory and understory vegetation

collected outside of Area G and adjacent

to the 3H shafts (locations 1 and 2) were

greater than background concentrations.

Vegetation samples collected adjacent to

the TRU waste pad (location 5) and

outside of Area G immediately north of

the TRU waste pad (location 4) also

exhibited elevated 3H concentrations.

The 3H concentrations in understory

vegetation samples collected above Pits

17 and 18 (location 7a) and above Pit 7

(location 7b) were also greater than

background concentrations.

The concentrations of 238Pu and
239,240Pu in vegetation ranged from

undetectable to 0.0201 pCi g-1 ash for
238Pu and from 0.001 to 0.193 for 239,240Pu

(Table 4).  The plutonium concentrations

of overstory and understory samples

collected from locations 6b and 7c were

greater than in background samples.  In

fact, the 238Pu and 239,240Pu concentrations

of the understory samples at both of

these locations were above RSRL

concentrations, as was the 239,240Pu

concentrations for the overstory sample

collected at location 6b.  These data

correlated well with the soil plutonium

concentrations and elevated plutonium

ratios presented previously (Figure 7),

which was to be expected since the

samples were collected near the TRU

pads and Pits 8, 9, 10, 12, 13, 15, and 16.

The concentrations of 241Am in

the understory and overstory samples

collected at Area G ranged from

undetectable to 0.275 pCi g-1 ash (Table

4).  Just as with 238Pu and 239,240Pu

concentrations, 241Am concentrations in

both overstory and understory samples

collected at stations 6b and 7c were

above RSRL concentrations.  However,

the samples collected on top of TRU

Waste Pad #2 (location 5) and the

location immediately north and outside

the Area G fence (location 4) also

exhibited above RSRL concentrations of
241Am (Table 4).  Unlike the data

discussed for plutonium isotopes, both

the overstory and understory samples

collected at location 4 were also above

RSRL concentrations of 241Am.

Unlike the 90Sr data for the soils

collected at Area G, most of the

understory samples, but very few of the

overstory samples, assayed for 90Sr were

above RSRL concentrations, regardless

if the samples were collected inside or

outside of Area G (Tables 1 and 4).  The
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90Sr concentrations in these vegetation

samples ranged from 1.03 to 22.14 pCi

g-1 ash (Table 4).  Understory vegetation

samples collected at stations 1, 3b, and 5

contained elevated 90Sr concentrations

(Table 4), even though 90Sr was not

detected in the corresponding soil

samples at these locations (Table 2).

This could reflect understory root uptake

of 90Sr from soil depths beneath our soil

sampling zone.

Most of the concentrations of totU

and 137Cs found in the overstory and

understory vegetation samples collected

at Area G were below background and

RSRL concentrations (Table 4).  This

finding agrees with previous monitoring

results at Area G (Fresquez et al., 1999).

The 1999 monitoring data and

the statistics compiled from 1994

through 1998 (Fresquez et al., 1999)

suggest that Area G operations have

impacted the soils and vegetation at the

sampling locations, but the magnitude of

the impact has been minimal and not of

concern to human health.
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APPENDIX A

CST-9 ANALYTICAL REPORTS OF RADIONUCLIDES IN
SOIL SURFACE SAMPLES AT AREA G
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APPENDIX B

CST-9 ANALYTICAL REPORTS OF RADIONUCLIDES IN
UNWASHED VEGETATION SAMPLES AT AREA G
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